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IN THE SPECIFICATION 

Page 1 , before Paragraph 1 , please delete the following: 
Sp e cification 



Prior Art 



Please insert the following before Paragraph 1 : 

BACKGROUND AND SUMMARY OF THE DISCLOSURE 

[0001] The invention relates to a method and a device for controlling an 

electrically actuated wear adjusting device of a brake application system for 
vehicles, particularly rail vehicles , according to Claims 1, 9 and 11 . 

[0002] European Patent Document EP 0 699 846 A2 describes a brake application 

system for rail vehicles, having a caliper-type brake linkage for a disc brake which 
has, as the screw drive between two brake linkage parts, a mechanically actuated 
wear adjuster constructed as a thrust rod actuator or as a brake rod actuato r, which^ 
The wear adjuster keeps the brake pad play constant in the event of a wearing of 
the pad or the brake disc. This takes place by a change of length of the screw 
drive, in the case of thrust rod actuators, an increasing actuator length causing a 
reduction of the brake pad play. The drive of the known screw drive takes place 
mechanically by way of a brake linkage with a thrust rod which, in the event of an 
excess stroke of a brake actuator constructed as a pneumatic cylinder - piston 
driving gear, is operated by a rocker lever. An emergency release of the brake, that 
is, an emergency-caused braking force reduction of the brake being affected by 
braking force, takes place by way of the pneumatic brake actuator. For the 
auxiliary release of the brake not affected by braking force for maintenance work, 
for example, for changing the brake pads, the threaded spindle is rotated manually. 

[0003] It is an obj e ct of the present invention to provide a method and a d e vice 

r e sp e ctively for adj usting th e w e ar of brak e application syst e ms, which p e rmits a 
mor e pr e cis e and simpler adjusting of th e brak e pad plav. (CANCELED) 

[0004] According to th e invention, this object is achi e v e d by th e characteristics of 
Claims h 9 and 1 1. (CANCELED) 
Advantag e s of th e Inv e ntion 
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[0005] According to the m e thod of Claim l, The present method and system in one 

embodiment measured values for the application path A and the assigned braking 
force values are used as the starting basis for the calculation of the actual 
application stroke and of the adjusting path that may be required. 

[0006] The method according to Claim 9 another embodiment is based on a 

predetermined desired application point in which the brake pad play should be 
equal to zero. This desired application point is approached and then the wear 
adjuster, if necessary, is actuated until a measured electric braking force signal is 
present for the first time and the actual application point has been reached. The 
covered path between the desired application point and the actual application point 
of the brake pads will then correspond to the adjusting path. The subsequent 
restoring of the brake application system into the release position therefore starts 
out from the actual application point, so that the brake pad play caused by wear 
will no longer exist for future application movements. 

[0007] The wear adjuste r, on which th e m e thod according to the inv e ntion of 

Claim 1 and 9 as well as th e devic e according to the invention of Claim 1 1 is used 
of all of the embodiments , instead of being mechanically actuated,, is electrically 
actuated , s o that . Thus, the known mechanical large-size actuating mechanism is 
eliminated, which results in a smaller size. In addition, by m e ans of th e control 
methods according to th e inv e ntion and th e d e vic e according to th e inv e ntion, a 
more precise adjusting of the brake pad play than previously can be achieved. This 
increases the dynamics of the brake application system. 

[0008] By m e ans of th e m e asur e s indicat e d in the subclaims, advantag e ous furth e r 

developments and improv e ments of the invention can b e achiev e d / CANCELED") 

[0009] In a pr e f e rr e d further d e v e lopm e nt of th e m e thod according to Claim l the 

first embodiment , the covered application path of the brake pads during the service 
braking is directly or indirectly measured on a moved component of the brake 
application system. 

[00010] During a service braking taking place with a higher braking force, the brake 

force value and the respectively assigned covered application path of the brake 
pads is pr e f e rabl y mav be measured several times successively. By means of the 
supporting points obtained therefrom, an essentially linear braking force - 
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application path course can be shown, from which the actual application stroke is 
mathematically extrapolated. Braking at a higher braking force in this case is a 
braking during which braking force values of approximately more than 3% to 20% 
of a maximally possible braking force value occur. 

[0001 1 ] In contrast, during a service braking which took place at a lower braking 

force, pr e f e rably only the braking force value occurring once and the assigned 
covered application path of the brake pads are used for determining the actual 
application stroke. Braking at a lower braking force is a braking during which 
braking force values of approximately less than or equal to 3% to 20% of a 
maximally possible braking force value occur. At lower braking force values, this 
method is more precise because no strictly linear braking force - application path 
relationship is yet present from which the application point could be extrapolated. 

[00012] Particularly pr e f e rably t The adjusting of the brake pad play may take takes 

place in the not-applied condition of the brake application system. A relatively 
low and cost-effective drive of the wear adjuster will then be sufficient for 
generating only the braking force required for producing a measurable braking 
force signal. 

[00013] In th e pref e rred furth e r d e velopm e nt of th e m e thod according to Claim 9, 
k The second embodiment is implemented at least during the upgrading or 
initializing from a emergency-released or auxiliary release position of the brake 
application system together with a test run. 
Drawings 



[00014] An embodim e nt of th e inv e ntion is illustrat e d in th e drawing and will b e 

e xplain e d in detail in th e following d e scription. These and other aspects of the 
present disclosure will become apparent from the following detailed description of 
the disclosure, when considered in conjunction with accompanying drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[00015] Figure 1 is a schematic representation of an electromechanical brake 

application system with an electrically actuated wear adjuster according to a 
preferred embodim e nt the disclosures 

[00016] Figure 2 is a longitudinal sectional view of the wear adjuster of Figure 1 in 

a position mov e d out to of the maximal lengthy 
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[0001 7] • Figure 3 is a view of the wear adjuster of Figure 1 in a position mov e d in to 

of the minimal lengthf . 

[0001 8] Figure 4 is a program flow chart conc e rning of a wear adjusting operation 

by m e ans of the wear adjuster of Figure 2^ 
[00019] Figure 5 is a view of a typical characteristic braking force - application path 

curve of the brake adjuster of Figure If. 
[00020] Figure 6 is a brake pad play - time diagram^. 

[00021 ] Figure 7 is a program flow chart conc e rning of a test run program for the 

brake application system of Figure 1. 

Description of the Embodiment 

DETAILED DESCRIPTION OF THE DRAWINGS 

[00022] Th e pr e f e rr e d e mbodim e nt of aA n electromechanical brake application 

system, which, as a whole, has the reference number 1 in Figure 1, forms one of 
several brake application systems of a rail vehicle. The brake application device 1 
contains a brake actuator 2 with a service brake unit and an accumulator-type brake 
unit. The service brake unit has an electric drive, such as an electric servo motor 4, 
which is accommodated in an actuator housing 6 of the brake actuator 2. A 
mechanical force converter 8 is used for converting the energy supplied by the 
brake actuator 2 to a brake application movement. 

[00023] The servo motor 4 causes a coaxial brake spindle 10 to rotate, which 

rotations are converted by moans of the force converter 8 to a brake application 
movement of brake pads 12 in the direction of an axle-mounted brake disc 14^ 
which may also be a brake drum . The force converter 8 comprises, among other 
components, a nut/spindle constructional unit 16 with a spindle nut 18 which is 
rotatably disposed on the brake spindle 10 and which, when the brake spindle 10 is 
rotated, can carry out linear movements in the direction of the spindle axis 42. The 
end of the brake spindle 10 facing away from the servo motor 4 projects into a 
cylindrical hollow section of a connecting rod 20 which is non-rotatably and 
axially fixedly connected with the spindle nut 18. In addition, the cylindrical 
hollow section of the connecting rod 20 is non-rotatably and axially fixedly held in 
a sliding sleeve 22, which is acted upon by at least one accumulator-type spring 24 
supported on the actuator housing 6. The accumulator-type spring 24 is part of the 
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accumulator-type brake unit and is used as an energy accumulator for storing and 
releasing energy for the application of the brake as a service-type emergency brake 
in the sense of an underlying safety level in the event of a failure of the service 
brake unit and/or as a parking brake. The service brake unit as well as the 
accumulator-type brake unit act upon the connecting rod 20. In the brake release 
position, the accumulator-type spring is held in a preloaded position by m e ans of a 
locking device 26. 

[00024] The small end 28 of the connecting rod 20 projects out of the sliding sleeve 

22 and is linked to a brake lever 36 by m e ans of a hinge 40 perpendicular to the 
spindle axis 42. When the brake spindle 10 is driven in the brake application 
direction or when the locking device 26 of the accumulator-type spring 24 is 
released, because of the then axially moving-out connecting rod 20, a hinge pin of 
the hinge 40 is, among others, stressed by shearing forces acting essentially 
perpendicular to the pin axis. 

[00025] The other end of the brake lever 36 acts upon an eccentric arrangement 

having an eccentric shaft 46 which is hinged to a caliper lever 48 which, together 
with another caliper lever 50, forms a caliper 52. At one set of ends of the caliper 
levers 48, 50, respective brake pad holders 54 are arranged which have brake pads 
12 which are displaceable in the direction of the axis of the axle-mounted brake 
disc 14. The ends of the caliper levers 48, 50 facing away from the brake pads 12 
are connected with one another by way of a thrust rod actuator 156 which 
preferably is designed to be electrically actuated. The described arrangement also 
forms a part of the force converter 8 which converts the moving-out movements of 
the connecting rod 20 caused by the servo motor 4 or by the accumulator-type 
spring 24 to a brake application movement of the brake pads 12 in the direction of 
the brake disc 14. 

[00026] The hinge pin of the hinge 40 is pref e rably form e d b y may be a shearing 

force measuring screw 58. The shearing force measuring screw 58 is equipped 
with at least one transducer, which is not shown for reasons of scale, for the 
measuring of quantities from which the braking force acting upon the brake pads 
12 can be indirectly or directly derived. In a pr e f e rr e d e mbodiment, t The 
transducer is form e d -by may be strain gauges (DMS) which are fastened to the 
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circumference of the shearing force measuring screw 58 pr e f e rably , for example, 
by gluing such that t . They generate signals proportional to the shear deformations 
of the shearing force measuring screw 58 caused by the shearing forces acting in 
opposite directions. 

[00027] Instead of being arranged on the shearing force measuring screw 58 or in 

addition thereto, one or more strain gauges can also be arranged on the brake lever 
36 in order to be able to derive the braking forces from the deformations of the 
brake lever 36. 

[00028] A conversion of the shear deformation signals to signals for the actual 

application force acting in each case upon the brake pads 12 takes place in an 
electronic analyzing system containing a strain gauge bridge circuit , which . These 
signals are transmitted by way of a signal line 59 to a central control and automatic 
control unit 60. A deviation between a desired application force and the actual 
application force is computed there by means of a variance comparison. The 
desired-value definition for the braking force depends, for example, on the 
reaching of a demanded desired application force in a time period which is as short 
as possible. 

[00029] The control and automatic control device 60 controls a power part 62 

which, as a function of the computed deviation, modulates an operating current for 
the servo motor 4, which . The operating current is measured by a current sensor 
66 connected to an electric line 64 extending between the power part 62 and the 
servo motor 4, a fe e dback talcing plac e to th e control and automatic control devic e 
60 by a . A corresponding motor current signal is_fed back by way of a signal line 
68 to the control and automatic control device 60 . In addition to being used for the 
controlling in of such controlling a desired application force, the signals for the 
actual application forces controlled into the control and automatic control device 
60 are used as a basis for controlling the thrust rod actuator 156 by way of an 
electric line 74 , in which cas e , t . This control will be described later. The signals 
for the respective motor current are used for monitoring the force adjustment and 
of the operability of the brake application system 1 during safety-relevant braking. 
For verifying the measuring results, the motor current measured on the drive side 
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by the current sensor 66 can also be adjusted in the control and automatic control 
device 60 to the signal for the actual application force. 

[00030] An angle position encoder 70 arranged at the end of the motor shaft of the 

servo motor 4 facing away from the brake spindle 10 is used for the indirect 
measurement of the application path of the brake pads 12 during an actuation of 
the brake actuator 2 and, by way of a . A signal line 72 7 supplies a corresponding 
signal to the central control and automatic control device 60 which converts the 
angle of rotation of the servo motor 4 to the corresponding application path. As an 
alternative, any type of measuring system could be provided by m e ans of which 
the application path of the brake pads 12 can be directly or indirectly measured, for 
example, an absolute position measuring system. By m e ans of aA limit switch 76 
detects and reports ? the release position of the brake actuator 2 i s d e t e ct e d and i s 
r e port e d to the central control and automatic control device 60. 

[00031] The brake application system 1 is pr e f e rably constructed for g e n e rating 

generates load-corrected and/or slip-controlled braking forces. A load-corrected 
braking force is a braking force essentially adapted to the respective present weight 
of the rail vehicle^-and- a. A slip-controlled braking force is a braking force by 
which the braking takes place with an ideal wheel slip (anti-skid protection 
control). For this purpose the control and automatic control device 60 has 
corresponding control operations. Furthermore, the central control and automatic 
control device 60 has electronic modules for controlling the thrust rod actuator 156 
which in Figure 1 is illustrated only in a top view. The thrust rod actuator 156 is 
used for the wear adjustment for compensating the wear of the brake pads 12 and 
of the brake disc 14 occurring during the operation. Instead of a thrust rod actuator 
156, a brake rod actuator with a correspondingly adapted power converter 8 may 
be provided. 

[00032] In the view illustrated in Figure 2, the thrust rod actuator 156 is illustrated 

in a position mov e d out to of the maximal length , in which t __The adjusting path is 
maximal because a lengthening of the thrust rod actuator 156 by way of the linking 
of the caliper levers 48, 50 results in a reduction of the distance of the brake pads 
12 from the brake disc 14 and vice-versa. 
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[00033] The thrust rod actuator 156 contains a screw drive 2' which, as the screw 

parts, has a threaded spindle 4' and a nut 8' which can be screwed onto this 
threaded spindle 4' by m e ans of a trapezoidal thread 6' and is constructed as a tube- 
type part. The trapezoidal thread 6' pr e f e rably is not self- locking. For the wear 
adjustment, the thrust rod actuator 156 is designed to be electrically actuated^er 
which a . An electric drive unit 10' is provid e d which consists of an electric motor 
12' with a gearing 14' connected behind it, whose gearing output is pr e f e rably 
rotationally coupled with the spindle 4'. As an alternative, the nut 8' or the spindle 
4' and the nut 8' can also be designed to be electrically actuated for adjusting the 
wear. 

[00034] The electric motor is formed, for e xampl e , b y may be a d.c. motor 12 ', and t . 

The gearing 14' is form e d b y may be a planetary gearing 16' axially adjoining the 
d.c. motor 12' as well as by a gearwheel stage 18' connected to the output side of 
the planetary gearing 16'. The d.c. motor 12', the planetary gearing 16' and the 
gear wheel stage 18' are arranged parallel to and at a radial distance from the center 
axis 20' of the screw drive 2 '-an d. They are housed in a drive housing 22' flanged 
to a housing part 24', shown on the left in Figure 1, of the thrust rod actuator 156, 
to which thrust rod actuator 156 a left caliper lever 50 of the caliper 52 (Figure 1) 
is linked. A right housing part 26 ' which , as viewed in the axial direction of the 
screw drive 2', is on th e right is situat e d opposite the left housing part 24 ' and t 
The right caliper lever 48 of the caliper 52 (Figure 1) is linked to this right housing 
part 26'. The spacing of the left housing part 24' and the right housing part 26' of 
the thrust rod actuator 156 ar e h e ld on on e anoth e r at a sparine; variabl e is varied by 
moans of the screw drive 2' in that, by extending the screw drive 2' or the thrust 
rod actuator 156, a wear adjustment can take place and the pad play between the 
brake pads 12 and the brake disc 14, which increases with time, can be reduced 
again and can be held at a constant value. 

[00035] The gearing-output-side gearwheel 28' of the gearwheel stage 18' meshes 

with a screw-side gearwheel 30 ' which, by m e ans of a d e ep groove ball bearing 
33^ . Gearwheel 28' is coaxial ly rotatably disposed on a cylindrical projection 34' 
of a conical sleeve 36 ' by a deep-groove ball bearing 32' . By m e ans of a sliding A 
slip clutch 38' arranged on the side of the spindle-side gearwheel 30' pointing to 
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the right housing part 26 V couples the electric drive unit 10' is coupl e d with the 
conical sleeve 36'. The sliding slip clutch 38' contains balls 40', which are 
pretensioned by a defined spring pressure in grooves constructed on the face of the 
spindle-side gearwheel 30' and which are guided in bores 42' of a ring 44' noh- 
rotatably held on the cylindrical projection 34' of the conical sleeve 36'. At torques 
greater than a defined slipping moment, the form closure generated by the balls 40' 
pressed into the grooves is overcome and the clutch 38' slides through slips , 
whereby the electric drive unit 10' is uncoupled from the spindle 4'. By the 
appropriate selection of the spring parameters and of the ball - groove geometry, 
the slipping moment can be adapted to the momentarily existing requirements. In 
the present case, the clutch 38' slid e s through slips when the brake application 
system reaches stop positions, such as the position in which the brake pads 12 
come to rest on the brake disc 14 or the position in which the thrust rod actuator 
156 is shortened to the minimal length (Figure 3) and the spindle 4' is completely 
screwed into the nut 8'. 

[00036] The driving torque transmitted by m e ans of the sliding slip clutch 38 ' to the 

ring 44' is introduced into the conical sleeve 36 ', on whos e bottom a . A pin-shaped 
projection 46 ' is pr e s e nt whose on the end of conical sleeve 36' has a radially outer 
surface , which forms a bearing surface of a slide bearing 48 ', which . The bearing 
surface is slidably and rotatably disposed in a housing-side bearing surface 
assigned to it. The slide -slip bearing 48' is used as a bearing point of the spindle 4', 
which bearing point is on the left side in Figure 2. The spindle 4', in turn, is 
screwed by m e ans of an end-side threaded pin 50' into an internal thread existing 
in the projection 46' of the conical sleeve 36' and is held there in a non-rotatable 
manner. As a result, the conical sleeve 36' can transmit the driving torque 
introduced by way of the s liding slip clutch 38' to the spindle 4'. 

[00037] A cone clutch 52' containing contains at least two conical surfaces 56', 58', 

which can be stopped by mutual friction against one another and are arranged in an 
oblique manner viewed in the axial direction- . The cone clutch 52' is arranged in 
front of the electric drive unit 10', one of the conical surfaces 56' being constructed 
on the left housing part 24' and the other conical surface 58' being constructed on 
the conical sleeve 36' screwed to the spindle 4'. When the spindle 4' is axially 
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loaded, the two conical surfaces 56', 58' are pressed against one another in the 
direction of the conical narrowing^ w. W hereby, the respectively taken-up rotating 
position of the spindle 4' is fixed by frictional engagement or adherence and the 
axial load is supported by the left housing part 24'. In particular, a transmission of 
the axial load as a torque to the electric drive unit 10' is prevented. If, in contrast, 
no axial load is present, the cone clutch 52' is in the released state and the conical 
sleeve 36', together with the spindle 4', can rotate freely with respect to the left 
housing part 24'. 

[00038] The tube-type nut 8' projects into a stepped passage opening 60' of the right 

housing part 26' and is rotatably disposed there by means of a deep-groove ball 
bearing 62' but is axially displaceably disposed with respect to its inner race. A 
sleeve 66' is non-rotatably and axially fixedly held in the end of the nut 8' which 
points away from the left housing part 24 ' and, by means of its . An outer 
circumference of sleeve 66'^ rests slidingly on a seal 64' received in the passage 
opening 60' of the right housing part 26 V 4. T he end of the sleeve 66' projecting 
out of the passage opening 60' bek*g-is_equipped with an application surface 68' for 
a screwing tool. In addition, by m e ans of a sliding A slip clutch 70 V couples the 
nut 8' is coupled with a coaxial free-wheel sleeve 72 'of a lockable free wheel 74' 
whi c h , on th e on e hand, . The lockable free wheel 74' is axially displaceably held 
on the nut 8 ' and , on the oth e r hand, is supported by way of a thrust bearing 76' 
preferably that may be constructed as an axial needle bearing against a radial wall 
78' of the right housing part 26'. The nut 8' is therefore disposed in a thrust- 
bearing type manner. 

[00039] The sliding slip clutch 70' is pr e f e rably form e d b y may be two contrate side 

face gearings 80', 82' meshing with one another in the axial direction as a result of 
spring pressure. One contrat e side face g earing 80' is constructed on a radially 
outer ring collar of the end of the nut 8' projecting into the right housing part 26', 
and the other conical side face g earing 82' is constructed on the radially inner 
circumferential surface of the free-wheel sleeve 72'. 

[00040] By m e ans of aA coil spring 86 ' is_supported at one end on the deep-groove 

ball bearing 62' and at the other end on an outer step 84' of the nut 8V4 . T he nut 8' 
is pretensioned by the coil spring 86' against the free-wheel sleeve 72 ', so that the 
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two contrat e side face g earings 80 ', 82' are in a mutual engagement. When a 
slipping moment is exceeded, the two contrate gearings 80', 82' are disengaged 
while the nut 8' is axially displaced in the direction of the left housing part 24', 
whereby the nut 8' can rotate with respect to the free-wheel sleeve 72'. The 
slipping moment of the sliding slip clutch 70' can be adapted by the suitable 
selection of the spring parameters and of the contrat e side face g earings 80', 82'. 

[00041] In the right housing part 26', an electric drive unit 1 12' is accommodated 

for the emergency release and the auxiliary release of the brake application system^ 
^ e. 4 "E mergency release" b e ing is_a braking force reduction of the brake 
application system 1 acted upon by braking force, for example, in the event of a 
failure of the brake actuator 2, and "auxiliary release" b e ing is_a release of the 
brake not acted upon by braking force for maintenance work, for example, for 
changing the brake pads. 

[00042] The electric drive unit 1 12' consists of an electric moto r pr e f e rably 

construct e d as , for example, a d.c. motor 1 14', of a planetary gearing 1 16' as well 
as of a gearwheel stage 1 18', so that the two electric drive units 10', 1 12' pr e f e rably 
may have an identical construction. The gearing-output-side gearwheel 120' of the 
gearwheel stage 1 18' meshes with a toothed sleeve 96' which is coaxial with the 
screw drive 2 ' and which . The toothed sleeve 96' is rotatably accommodated in the 
right housing part 26' and is radially spaced by an annulus 102' with respect to a 
housing surface 100' which is flush with the radially outer circumferential surface 
98' of the free-wheel sleeve 72' and axially adjoins the circumferential surface 98' 
of the free-wheel sleeve 72'. A wrap -coil spring 104' which is coaxial with respect 
to the center axis 20' of the screw drive 2' and has two pin-type ends 106', 108' 
bent away oppositely in the radial direction is accommodated in the annulus 102'? 
e. One end 1 06 ' being-is^form z lockingly held in a radial passage bore of the 
toothed sleeve 96', and the other end 108' being-is_form z lockingly held in a radial 
passage bore of the free-wheel sleeve 72'. 

[00043] The toothed sleeve 96', the wrap -coil spring 104', the free-wheel sleeve 72' 

and the housing surface 100' together form a lockable free wheel as a wrap coil 
spring free wheel 74', which couples the electric drive unit 1 12' with the nut 8'. 
More precisely, the wrap -coil spring free wheel 74' is, on th e on e hand, construct e d 
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for rotatin g rotates the nut 8' by means of the electric drive unit 1 12' in a direction 
against the wear adjustment and , on th e oth e r hand, for lockin g locks this rotation 
when the rotation of the nut 8' is not caused by the electric drive unit 112'. The 
above-described sliding slip clutch 70' is arranged between the nut 8' and the wrap 
coil spring free wheel 74'. 

[00044] Relative to an imagined point of intersection of the center axis 20' of the 

screw drive 2' and an imagined vertical center line of the thrust rod actuator 156, 
the two electric drive units 10', 112' are arranged essentially point-symmetrically 
with respect to one anothe r, in which cas e . Also, they point toward one another 
starting from the end of the spindle 4' or of the nut 8'. More precisely, the drive 
unit 10' for the wear adjustment projects essentially from the drive-side end of the 
spindle 4' in the direction of the drive unit 1 12' for the emergency and auxiliary 
release, and the latter-drive unit 1 12' p rojects essentially from the drive-side end of 
the nut 8' in the direction of the drive unit 10' for the wear adjustment. Both drive 
units 10', 1 12' actuate a single screw drive 2' for the combined wear adjustment 
and emergency or auxiliary release. 

[00045] The right and the left housing part 24', 26' each consists of housing sections 

122', 124' which are essentially symmetrical relative to the center axis 20' of the 
screw drive 2'. The drive units 10', 112'is-inare each ease-accommodated in ene-a 
separate housing section 122 ', and on e . A final position sensor 126' r e sp e ctiv e ly is 
accommodated in the housing section 124' arranged on the eihep -opposite sides of 
the center axis 20 , which . The final position sensor 126 is situated opposite a face- 
side surface 128' of the drive housing 22' of the respectively other electric drive 
unit 10', 112'. The final position sensors ar e pr e f e rably construct e d in th e form 
efmav be mechanical final position switches 126 ', which . They are each actuated 
by th e application o f engaging the face-side surface 128' of the drive housing 22' of 
the opposite drive unit 10', 1 12'-and . The actuation switches 126' supply a signal 
to the central control and automatic control unit 60 (Figure U when fer-reaching 
the position illustrated in Figure 3, in which the thrust rod actuator 156 has moved 
in-to the minimal length , to th e central control and automatic control unit 60 
(Figure 1), w . W hereupon, the respectively actuated drive unit 10', 1 12' is de- 
energized. At their ends pointing away from one another, the two housing sections 
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122', 124' of each housing part 24', 26' are in each case provided with one 
receiving device 132' for bolts, by which one caliper lever 48, 50 respectively of 
the caliper 52 is linked to each housing part 24', 26'. 

[00046] Furthermore, a wrap -coil spring 138' of another wrap -coil spring free wheel 

140' is arranged on a cylindrical projection 134' of the planetary- gearing-side 
gearwheel 136' of the gearwheel stage 18' assigned to the drive unit 10' for the 
wear adjustment. This wrap- coil spring free wheel 140' blocks a rotation of the 
gearwheel 136' in the direction against the wear adjustment and permits it to run 
freely in the opposite rotating direction. 

[00047] As a result of the described construction of the thrust rod actuator 156, by 

m e ans o f and specifically a single screw drive 2', of which with one screw part 
respectively is coupled with a separate drive unit ; the brake pad wear can be 
corrected, and the brake can be released for emergencies and/or in an auxiliary 
manner. 5 which is ind e pend e nt of th e oth e r drive unit, s Specifically, on the on e 
hand, the spindle 4' is coupled with one electric drive unit 10' a and , on the other 
hand, the nut 8 ' is coupled w ith the other electric drive unit 1 12 ', th e brak e pad 
w e ar can be corrected and the brak e can b e r e l e as e d for e m e rg e nci e s and/or in an 
auxiliary mann e r . 

[00048] Based on this background, the method of operation of the thrust rod 

actuator 156 is as follows: 

[00049] The wear adjustment, that is, the reduction of the brake pad play, which 

exists between the brake pads 12 and the brake disc 14 and which has become too 
large as a result of wear, preferably takes place in the brake-force-free brake 
release position. For this purpose, the d.c. motor 12' of the electric drive unit 10' 
provided for the wear adjustment is controlled for a predetermined time and causes 
the spindle 4' to rotate in one rotating direction by way of the sliding slip clutch 38' 
closed in the case of a driving torque which is smaller than the slipping moment^ 
During whieh -the rotating movement, the spindle 4' is screwed out of the nut 8' and 
the thrust rod actuator 156 is thereby lengthened, which results in a reduction of 
the brake pad play. Figure 2 shows the thrust rod actuator 156 in a position in 
which it is mov e d out to of its maximal length. Since the screw drive 2' is thereby 
loaded by only very low axial forces, the cone clutch 52' is in the released position, 
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so that the spindle 4' can rotate freely. The nut- side wrap- coil spring free wheel 74' 
blocks a rotating-along of the nut 8', which is not secured against a rotation per se, 
because a rotation of the nut 8' is transmitted by way of the sliding slip clutch 70' 
to the free-wheel sleeve 72' and from there to the wrap- coil spring 104' which then 
pulls tight and establishes a frictionally engaged connection between the free- 
wheel sleeve 72' and the housing surface 100 ', wh e r e b y . Thus, the nut 8' is non- 
rotatably supported on the right housing part 26'. 
[00050] During a braking, the reaction bearing pressure force resulting from the 

braking force existing at the brake pads and transmitted by way of the hinged 
caliper levers 48, 50 of the caliper 52 to the thrust rod actuator 156 and acting there 
in the axial direction could not be supported on the screw drive 2' because the 
trapezoidal thread 6' between the spindle 4' and the nut 8' does not have a self- 
locking construction. As a result, the thrust rod actuator 156 would be shortened 
under the influence of the axial pressure force and thus- causes an undesirable loss 
of braking forc e would b e caused . However, the cone clutch 52' closes under the 
effect of the axial load by the pressing-together of the mutually assigned conical 
surfaces 56', 58' in a frictionally engaged manner and establishes a non-rotatable 
connection between the spindle 4 f and the left housing part 24'. On the other hand, 
the nut-side sliding slip clutch 70' constructed as a contrat e side face g earing 80', 
82' remains closed under the axial load and transmits the moment of reaction to the 
wrap -coil spring 104' which then pulls tight and supports the moment of reaction at 
the right housing part 26'. As a result, there is no shortening of the thrust rod 
actuator 156 and thus no unintended loss of braking force can occur during a 
braking operation. 

[00051] If a fault occurs, in the case of a brake actuator 2 illustrated in Figure 1 or 

in its control, which has the result that the brake actuator can no longer release the 
brake acted upon by the braking force, this brake has to be subjected to an 
emergency release. For the emergency release of the brake, the electric drive unit 
1 12' is preferably controlled for the emergency and/or auxiliary release from an 
engineer's cab of the urban railroad or subway by moans of the control and 
automatic control unites. Specifically , coil spring 104' rotates in a rotating 
direction in which the wrap- coil spring 104' is e xpand e d and, a expands. A s a 
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result, the previously existing frictional engagement between the free-wheel sleeve 
72' and the housing surface 100' is eliminated , wh e r e b y . Thus, the nut 8' has a free 
run in this rotating direction. The wrap- coil spring 104' can therefore transmit the 
rotating movement introduced into it by way of the toothed sleeve 96' to the free- 
wheel sleeve 72 ', by which th e . This rotation is transmitted to the now freely 
running nut 8' by way of the sliding slip clutch 70' which is closed because it is not 
overloaded. As a result, the thrust rod actuator 156 is shortened and the braking 
force is reduced. The thrust rod actuator 156 can thereby be shortened to the 
minimal length illustrated in Figure 3 in which the nut 8' on the face side comes in 
contact with the bottom of the conical sleeve 36' and the final position switches 
126' are actuated, a corresponding signal being transmitted to the central control 
and automatic control unit 60. 

[00052] If, for maintenance work, the brake is to be moved into a position in which 

the brake pads 12 are at a maximal distance from the brake disc, for example, for 
exchanging the brake pads 12, the auxiliary release of the brake can also take place 
by way of the electric drive unit 1 12' for the emergency and/or auxiliary release in 
the manner described above (auxiliary r e l e as e ) . Sinc e , how e v e r, t The torque is 
limited which can be transmitted by means of the nut-side wrap spring 104' 
expanded by the driving torque and is_subjected to a bending stress, in the cases in 
which the screw drive 2' is stiff, for example, because of icingT-t . In this case, t he 
nut 8' is rotated directly for shortening the thrust rod actuator 156. This takes place 
in the braking- force-free state by applying a screwing tool to the application 
surface 68' of the sleeve 66' non-rotatably connected with the nut 8 ', in which cas e 
th e latt e r . The nut 8' is manually rotated in a direction in which the thrust rod 
actuator 156 is shortened to the minimal length illustrated in Figure 3. The torque 
must be so large that the sliding slip clutch 70' arranged between the free-wheel 
sleeve 72' and the nut 8' can slip, while the wrap -coil spring 104' of the wrap c oil 
spring free wheel 74' blocks the free-wheel sleeve 72' in this direction. In this 
case, the nut 8' is displaced se-fe rsufficiently away from the free-wheel sleeve 72' 
in the axial direction that the two contrat e side face g earings 80, 82 are disengaged. 

[00053] In order to adjust a desired brake pad play between the brake pads 12 and 

the brake disc 14 within the scope of the above-described wear adjusting, the thrust 
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rod actuator 156 is controlled as follows by the central control and automatic 
control unit 60 according to the program flow chart illustrated in Figure 4: 
[00054] First, by the presence or absence of signals of the limit switches 126', it is 

determined whether the brake application system 1 is in an emergency-released 
position or in a position released in an auxiliary manner, which is illustrated in 
Figure 4 by the branching "released in an auxiliary manner?". If thts- it is released 
in an auxiliary manneri s-se, the program is stopped. If it is not-se, the query 
"brake released?" takes place in anoth e r branching, because the wear adjustment 
preferably is to take place only in the released position or in the not-applied 
condition of the brake. When the brake is released, in which case the limit switch 
76 generates a corresponding signal, the program is continued with the next 
program step~ a. A not-released brake therefore causes a return to the program 
start. 

[00055] Previously, the actual application stroke of the brake pads 12 to the brake 

disc 14 during a preceding service braking was determined in that the application 
path traveled by the brake pads 12 and a braking force value assigned to this 
application path was measured. The angle encoder 70, which measures the 
rotating angle of the servo motor 4 during the service braking and guid e s provides 
a corresponding signal to the control and automatic control device 60, is used for 
measuring the application path. For example, in the present arrangement, 1 mm of 
application path corresponds to approximately 6 mm of spindle path or 3 
revolutions of the servo motor 4. The control and automatic control unit 60 , on the 
oth e r hand, also receives the force signal assigned to the measured application path 
from the shearing-force measuring screw 58 provided with a strain gauge. From 
the two measured values - the application path , on th e on e hand, and the braking 
force value assigned to the latte r, on the oth e r hand, - preferably as a function of 
the amount of the braking force value, the actual application stroke is computed as 
follows: 

[00056] During a service braking taking place at a higher braking force, the braking 

force value and the respectively assigned covered application path of the brake 
pads 12 are measured several times successively in order to provide supporting 
points from which the control and automatic control unit 60 computes a theoretical 
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linear characteristic braking force - application path curve which is illustrated in 
Figure 5 as a straight line indicated by interrupted lines. It is d e monstrated that 
tThe actual course indicated by m e ans of a solid line in Figure 5 is congruent for 
higher braking forces with the theoretical straight line. In this case, braking at a 
higher braking force is braking during which braking force values occur of 
preferably approximately more than 3% to 20% of a maximally possible braking 
force value. By means of extrapolation, the theoretical and linear characteristic 
braking force - application path curve is continued to very small braking force 
values to a computed point of intersection with the abscissa which corresponds to 
the application point of the brake pads 12 on the brake disc 14. This application 
point is characterized in that, after the contact stroke of the brake pads 12 onto the 
brake disc 14 has taken place, a braking force value can be detected for the first 
time by the shearing- force measuring screw 58. The actual application stroke of 
the brake pads 12 is then obtained from the abscissa value of this application point 
by the corresponding computation by m e ans of the control and automatic control 
device 60. 

[00057] As illustrated in Figure 5, the course of the actual characteristic braking 

force - application path curve is not linear at low braking forces, so that, in this 
range, an extrapolation with sufficient precision is difficult. Braking at a low 
braking force is a braking during which braking force values occur of 
approximately less than or equal to 3% to 20% of a maximally possible braking 
force value. During such a braking, preferably only the braking force value 
occurring for the first time and the assigned covered application path of the brake 
pads are used for determining the actual application stroke. This means that, when 
the shearing- force measuring screw 58 as the braking force sensor responds for the 
first time, the application path covered so far is stored and a calculation of the 
actual application stroke takes place therefrom. 

[00058] The control and automatic control unit 60 is construct e d for 

comparin g compares the determined actual application stroke with a defined 
desired application stroke or a desired application stroke tolerance range, which is 
illustrated in Figure 4 by the branching "application stroke too large or too small?". 
If the actual application stroke deviates from the desired application stroke or from 
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the desired- application- stroke tolerance range, the required adjusting path is 
calculated from the difference of these values, and if not, the program returns to 
the program start. Subsequently , the drive unit 10' is controlled for the wear 
adjustment of the thrust rod actuator 156 as a function of the calculated adjusting 
path. This can take place, for example, in that the drive unit 10' is actuated for a 
time which depends on the calculated adjusting path, which in Figure 4 is indicated 
by the "set timer" operatio n, becaus e t . The time - adjusting path relationship is 
known from the quantities rotational speed of the d.c. motor 12' and the 
transmission ratio of the gearing 14' and is stored in a memory of the control and 
automatic control unit 60. If the actuating time assigned to the required adjusting 
path has expired, which is queried by the branching "has timer run out?", the drive 
unit 10' is deactivated and the program returns to the start. 

[00059] According to an alternative approach, the brake application system 1 is first 

actuated by energizing the actuator motor 4 until the brake pads 12 have reached a 
position which corresponds to a defined desired application point. When wear is 
present, this desired application point of the brake pads 12 deviates from the actual 
application point, when the brake pads moved into the desired application point 
still have a clear distance from the brake disc 14 which corresponds precisely to 
the wear to be adjusted. Subsequently, the drive unit 10' is activated for the wear 
adjustment until the shearing force measuring screw 58 detects a braking force 
signal for the first time, whereby precisely the wear path is compensated. Finally, 
the brake actuator 2 is restored into the release position. 

[00060] The permissible brake pad play or the permissible wear can be permitted 

within a certain tolerance, as illustrated by Figure 6, which shows the tolerance 
range between a maximally permissible brake pad play and a minimally 
permissible brake pad play by shaded lines. Adjusting operations therefore will 
only take place in the event that the actual wear or the actual brake pad play is 
either above the maximally permissible brake pad play or below the minimally 
permissible brake pad play. In the example according to Figure 6 illustrated by the 
arrows, the wear at the time t = 0 is above the maximally permissible brake pad 
play, so that the adjusting takes place as described above. As the time t increases, 
that is, with a rising number of service brakings, the wear will necessarily also 
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increase. When the wear then again exceeds the maximally permissible brake pad 
play, another adjustment takes place. The described change between the wear 
development and the adjusting operation will then be repeated until the brake pads 
12 and the brake disc 14 respectively have arrived at the wear limit and have to be 
exchanged. The case may then occur that the brake pad play is too small, so that 
the adjustment takes place in the opposite direction, for example, by the inverse 
drive of the drive unit 10'. 
[00061] A brake which has been subjected to an emergency release or an auxiliary 

release, for example, after a brake pad exchange, is detected by an operation of the 
limit switches 126' (Figure 2). Pr e ferably aA wear adjusting operation takes place 
during each initialization of the brake at the start of the operation after an 
emergency release or auxiliary release operation and particularly pr e f e rably during 
a test run taking place within the scope of the initialization, whose faultless pass is 
a prerequisite for the subsequent operation of the brake. Figure 7 is a program 
flow chart of the test run. First, it is determined at the branching "has auxiliary 
release taken place" whether the brake actuator 2 is in a condition in which it was 
emergency-released or subjected to an auxiliary release, which is detected by the 
presence or absence of a signal of the limit switch 126'. If it was not subjected to 
an auxiliary or emergency release, the first program is stopped. When the brake is 
subjected to an auxiliary or emergency release, the brake actuator 2 is released 
according to the subsequent operation "release brake" by the actuating of the servo 
motor 4, in order to obtain by way of the resulting actuation of the limit switch 76, 
a reference for the subsequent application path measurement. Subsequently, as in 
the above-described alternative approach, the brake application system 1 is first 
actuated by the energizing of the servo motor 4, until the brake pads 12 have 
reached a position which corresponds to a defined desired application point. This 
operation is illustrated in Figure 7 by the operation symbol "approach application 
point in a path-controlled manner". Subsequently, the drive unit 10' for the wear 
adjusting according to the operation "switch on adjuster motor" is activated until 
the shearing force screw 58 detects a braking force signal for the first time, as 
indicated by the branching "braking force rise detected by the force sensor?", 
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whereby precisely the wear path is compensated. Finally, the drive unit 10' is 
deactivated,, and the brake actuator 2 is reset in the release position. 



[00062] List of R e fer e nce Numbers 

4 Brak e application s yst e m 

2 brake actuator 

4 s e rvo motor 

6 actuator housing 

7 forc e conv e rt e r 

4-0 brake spindle 

4-2 brak e pad 

44 brak e disc 

4-6 nut/spindl e con s tructional unit 

4-8 spindle nut 

20 conn e cting rod 

22 sliding sle e v e 

24 accumulator type spring 

26 locking d e vic e 

25 small end 

56 brak e l e ver 

40 hinge 

42 spindl e axis 

46 e cc e ntric shaft 

48 caliper l e v e r 

§0 calip e r l e v e r 

$2 calip e r 

$4 brak e pad holder 

§S s hearing forc e measuring screw 

59 signal line 

60 control and automatic control unit 

62 power part 

64 e l e ctric lin e 

66 curr e nt s e nsor 
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€S signal line 

7© angl e e ncod e r 

72 signal lin e 

74 \me 

76 limit switch 

73 signal lin e 

±56 thrust rod actuator 

¥■ scr e w driv e 

4 1 spindl e 

& trap e zoidal thr e ad 

& nut 

W e l e ctric driv e unit 

43^ e l e ctric motor 

g e aring 

+6^ plan e tary g e aring 

4-8^ g e arwh ee l stag e 

2€M cent e r axis 

22-^ driv e housing 

24^ loft housing part 

2& right housing part 

2& 1 gearwhe e l 

3Q 1 gearwh ee l 

32^ d ee p groov e ball b e aring 

cylindrical proj e ction 

conical sl ee ve 

3& sliding clutch 

40^ balls 

42^ bor e s 

44^ ring 

4& proj e ction 

48^ slid e b e aring 

SQ 1 thr e ad e d pin 



Attorney Docket No. 566/42765 

Page 24 

conical clutch 

conical surface 

conical surfac e 

60^ pa s sag e opening 

62 1 deep groov e ball b e aring 

64 1 seal 

6& sleev e 

68^ application surfac e 

sliding clutch 

72 1 fr ee wh ee l sl ee ve 

1A 1 fre e wh ee l 

7^ axial b e aring 

W waU 

80^ contrat e g e aring 

82^ contrate gearing 

84^ out e r st e p 

86^ coil spring 

96 1 toothed sloovo 

98^ circumf e r e ntial surface 

100' housing surfac e 

102' annulus 

104' wrap spring 

eftd 

end 

112' e lectric drive unit 

444^ d.c. motor 

44^ plan e tary g e aring 

118' g e arwheel stag e 

4-2€^ g e arwh ee l 

423- 1 housing s e ction 

124' housing section 

126' final position switch 



t 
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surface 

432-^ r e c e iving devic e 

434^ projection 

436^ g e arwh ee l 

434^ wrap spring 

44# wrap sprine froo whool (CANCELED) 

[000631 Although the present disclosure has been described and illustrated in detail, 

it is to be clearly understood that this is done by way of illustration and example 
only and is not to be taken by way of limitation. The scope of the present 
disclosure is to be limited only by the terms of the appended claims. 



